Background: The opportunistic fungus Pneumocystis jiroveci is a common cause of respiratory infection in immunocompromised patients. By contrast, pneumocystis pneumonia (PCP) occurs only rarely in immunocompetent individuals. Asymptomatic colonisation with P jiroveci has recently been described in patients who are either minimally immunosuppressed or who have underlying lung disorders such as bronchiectasis. We sought to determine the prevalence of asymptomatic colonisation by P jiroveci in a cohort of adult patients undergoing diagnostic bronchoscopy. Methods: A prospective observational cohort study was performed in patients who required bronchoscopy and bronchoalveolar lavage (BAL) as part of their routine clinical assessment. All the samples underwent standard microbiological analysis and a Grocott methenamine silver stain was performed where clinically indicated to detect the presence of P jiroveci. Polymerase chain reaction for detection of P jiroveci specific DNA was also performed. Results: Ninety three consecutive BAL fluid samples were analysed, 17 (18%) of which contained P jiroveci DNA. Of the potential predictors examined, only glucocorticoid use was significantly associated with detectable P jiroveci DNA. Eighteen patients were receiving oral glucocorticoids (equivalent to >20 mg/day prednisolone) at the time of bronchoscopy, of whom eight (44%) had detectable P jiroveci DNA. In contrast, P jiroveci was detected in only nine of 75 patients (12%) who were not receiving glucocorticoids (difference between proportions 32%, 95% CI 8 to 57; p=0.004, two tailed Fisher's exact test). Conclusions: P jiroveci colonisation, as determined by detection of P jiroveci DNA in BAL fluid, is common in HIV negative patients with primary respiratory disorders undergoing bronchoscopy and BAL. The higher prevalence in patients receiving corticosteroids suggests that oral glucocorticoid therapy is an independent risk factor for colonisation. In contrast, underlying lung cancer or COPD did not appear to be risk factors.
T he opportunistic fungus Pneumocystis jiroveci (formerly known as Pneumocystis carinii f. sp. hominis 1 2 ) is a common cause of respiratory infection in immunocompromised patients, particularly those with HIV infection. 3 By contrast, pneumocystis pneumonia (PCP) occurs only very rarely in immunocompetent individuals. 3 The route of transmission of human pneumocystis infection is unclear. 2 Animal studies have demonstrated airborne transmission. 2 4 P jiroveci has been identified in air spores 2 5 and it is probable that transmission between persons occurs via the airborne route. 2 6 New techniques such as the identification of P jiroveci DNA by polymerase chain reaction (PCR) have recently been developed which allow the detection of very low levels of P jiroveci not detectable by routine histochemical staining. 2 7 These approaches have shown that P jiroveci is carried in asymptomatic individuals with only mild immunosuppression induced by HIV infection, 8 in patients requiring long term glucocorticoid therapy for underlying malignancy, and in immunocompetent individuals 7 with chronic pulmonary diseases. [9] [10] [11] In this prospective study we have determined the prevalence of asymptomatic colonisation by P jiroveci in a cohort of adult patients undergoing diagnostic bronchoscopy and lavage. We further sought to identify risk factors associated with colonisation.
METHODS

Study design and setting
This prospective observational cohort study was performed at the Oxford Centre for Respiratory Medicine. Patients are referred to the centre directly by general practitioners (60%), by other local hospital consultants (35%), and occasionally by respiratory consultants in other neighbouring health authorities (<5%). The hospital has a large regional renal transplant unit and oncology centre and covers a population of 500 000. Consecutive patients attending the chest unit who required diagnostic bronchoscopy as part of their standard management for possible respiratory disease were recruited over a 24 month period. All patients undergoing bronchoscopy at this time had a bronchoalveolar lavage (BAL) with 100-150 ml normal saline as part of the routine clinical practice. The study was performed within the guidelines of the Central Oxford Research Ethics Committee.
Subjects and follow up
Patients were eligible if they required bronchoscopy as part of their routine clinical assessment. None of the subjects was known to be HIV positive, but HIV testing was not performed routinely as part of the study protocol. Ineligibility criteria were: patients known to be HIV positive, age <18 years, and inability to give informed consent. Patients were followed for 2 years or until death (in cases of lung malignancy). All the samples underwent standard microbiological analysis and, where clinically indicated, a Grocott methenamine silver stain was performed on BAL fluid samples to detect the presence of P jiroveci.
Procedure
At the time of diagnostic bronchoscopy a 6 ml aliquot of BAL fluid was frozen at -80°C and subsequently transferred to the Weatherall Institute of Molecular Medicine for analysis. The BAL fluid samples were coded and analyses were carried out blind to the patients' details.
Detection of P jiroveci DNA in BAL fluid samples BAL fluid samples were pooled in batches of four samples. DNA was extracted from the pooled samples with a QIAmp mini kit (Qiagen, Hilden, Germany) using the manufacturer's protocol with the following modifications: (1) proteinase K digestion was performed for 1 hour rather than 10 minutes, and (2) DNA was eluted from the column in 50 µl rather than 200 µl AE buffer.
DNA amplification at the mitochondrial large subunit rRNA (mt LSU rRNA) was performed using a nested PCR with the primers pAZ102-H and pAZ102-E in the first round amplification and the primers pAZ102-X (5′-GTGAAATACAAATCGGACTAGG-3′) and pAZ102-Z (5′-AAGCCCACTTCTTRACCTGTC-3′) in the second round (where R=T or C), as previously described. 7 12-14 If a positive PCR reaction was obtained from any batch, a further extraction of DNA was carried out on each individual BAL fluid sample in that batch, as described above. 7 12-14 Extreme care was taken to eliminate the possibility of cross contamination of samples, including the inclusion of negative controls in each extraction, the handling of samples in a laminar flow cabinet, and the use of disposable tips, tubes and aliquots of reagents. Nested PCR at the mt LSU rRNA was then performed on each of the individually extracted samples, as described above. In each amplification experiment a sample of P jiroveci DNA obtained from a patient with histologically confirmed PCP was used as a positive control. Taq DNA polymerase (Promega, Southampton, UK) was used throughout the study.
In BAL fluid samples with no detectable P jiroveci DNA a control PCR was performed, using the conserved human β-globin gene sequence, to monitor for false negative PCR reactions caused by inhibition of DNA amplification. A positive result using PCR for human β-globin with the primers BGLO-1 (5′-ACACAATGTGTTCACTAGCA-3′) and BGLO-2 (5′-CAACTTCATCCACGTTCAC-C-3′) 15 demonstrated that DNA amplification was possible on a given sample and that the negative PCR for P jiroveci was not due to inhibition of the reaction.
Sequencing of P jiroveci DNA The products of PCR amplification at the mt LSU rRNA were purified using the SpinPrep PCR Clean-up kit (Novagen,
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Data analysis
The primary outcome was the prevalence of P jiroveci detected by PCR in BAL fluid. All analyses were performed with SPSS version 10 (SPSS Inc, Chicago, USA). The characteristics of patients with detectable P jiroveci and patients with no detectable P jiroveci were compared using χ 2 analysis and Fisher's exact test was used where appropriate. A p value of <0.05 was considered significant.
RESULTS
Ninety three subjects of median age 65 years (range 20-87) participated in the study. There were 60 men (65%) and 23 (25%) had chronic obstructive pulmonary disease (COPD; mean (SD) forced expiratory volume in 1 second (FEV 1 ) 2.0 (1.0) l, forced vital capacity (FVC) 2.8 (1.3) l); 23/86 (27%) were current smokers and 42 (49%) were ex-smokers. The final respiratory diagnoses of these 93 subjects are shown in table 1.
Ninety three BAL fluid samples were analysed for the presence of P jiroveci by PCR and also by routine histochemical staining; 17 samples (18%, CI 12 to 30) were positive by PCR and only one was also positive with histochemical staining. This patient received treatment with co-trimoxazole but died 8 weeks later from metastatic lung carcinoma. Table 2 shows the characteristics of the 17 patients who were positive for P jiroveci by PCR. Eighteen patients (19%) were receiving oral glucocorticoids equivalent to >20 mg/day prednisolone at the time of bronchoscopy, eight of whom (44%) had detectable P jiroveci. In contrast, P jiroveci was detected in only nine of 75 patients (13%) who were not receiving glucocorticoids (difference between proportions 32%, 95% CI 8 to 57, p=0.004, Fisher's exact test).
There were no significant differences between those with and without detectable P jiroveci in age, sex, or lung function (FEV 1 and FVC). However, immunosuppression (due to glucocorticoids, cyclophosphamide, azathioprine, or haematological malignancy) was significantly more likely in the subjects with detectable P jiroveci in the BAL fluid (p=0.02, Fisher's exact test, table 3).
DISCUSSION
In this prospective study of adult patients, P jiroveci was detected by PCR in the BAL fluid of 17 of 93 patients (18%). In the subgroup of patients who were not receiving oral glucocorticoids or other immunosuppressants (n=73), P jiroveci was detected in nine (12%) compared with eight (40%) of the 20 patients receiving immunosuppressive agents. The presence of COPD or lung cancer was not associated with an increased likelihood of detecting P jiroveci in the BAL fluid.
The high frequency of detection of P jiroveci in BAL fluid from unselected patients undergoing routine bronchoscopy in this study suggests that the incidence of colonisation with P jiroveci in hospital patients-and perhaps the general population-may be higher than previously thought. The significance of this colonisation is unknown at present, although it may represent a biological reservoir of infection which can be transmitted to more susceptible hosts.
All 24 patients with a final diagnosis of pneumonia had new onset of fever with focal or diffuse chest radiographic abnormalities, with or without purulent sputum production. All responded to specific antibiotics in conventional doses. In only a small number of these patients was a pathogen identified from the sputum, BAL fluid and/or the blood.
None of the 17 patients with detectable P jiroveci developed PCP during the 2 year follow up period. This is reassuring since many of these patients were found to have primary lung malignancy and often received chemotherapy shortly after their diagnostic bronchoscopy. The underlying frequency of COPD and lung cancer was similar in those with and without detectable P jiroveci, which suggests that these are not independent risk factors for P jiroveci colonisation, a finding consistent with previously published studies. 16 17 The level of colonisation in HIV negative immunocompetent patients ranges from 6% to 19%, 8 16 17 but these reports do not clearly describe the nature of the underlying conditions nor do they give details of the dose of corticosteroid used. In this study patients receiving oral corticosteroids (>20 mg/day prednisolone) were significantly more likely to have detectable P jiroveci (44%) than patients who were not receiving glucocorticoids (12%; p=0.004, Fisher's exact test). This finding is supported by those of previous studies.
3 18 19 All of this subgroup were receiving >20 mg/day prednisolone at the time of the bronchoscopy. Most of the patients were on short courses of glucocorticoid therapy but several were on long term therapy for a variety of disorders.
Glucocorticoids induce marked changes in pulmonary surfactant composition, with reductions in phospholipids and increases in both phospholipase A2 and surfactant proteins A and D. 20 21 It has been shown both in vitro and in non-steroid immunosuppressed animal models of Pneumocystis infection that proliferation of Pneumocystis in the lung requires changes in surfactant (phospholipid and protein) composition. 22 It is therefore possible that glucocorticoid induced changes in surfactant composition in our patients may have facilitated colonisation with P jiroveci.
A previous report has shown that pulmonary colonisation with P jiroveci occurred mainly in HIV negative patients with underlying disease and defects of CD4 T cell function. 23 In this study CD4 lymphocyte counts were not routinely measured. It is noteworthy that the total lymphocyte counts in some patients were below the normal range, but there were no differences between those with and without detectable P jiroveci.
This study leaves some questions unanswered. Further studies are needed to determine whether patients who are colonised by P jiroveci are infectious to immunocompromised patients, and whether colonisation by P jiroveci leads to PCP directly or whether the pneumonia is caused by a new airborne infection. 
